ABSTRACT. The effects of a maternal vaccine against newborn calf diarrhea associated with group A bovine rotavirus (BRV), bovine coronavirus (BCV), bovine parvovirus and K99 Escherichia coli (E.coli) were examined on a beef cow-calf herd. After vaccination, serum or colostrum antibody titers to BRV, BCV and E. coli K99 in the vaccinated cows were significantly higher than those in unvaccinated control cows. Serum antibody titers to BRV, BCV and E. coli K99 in calves from the vaccinated cows were also significantly higher than those in calves from the control cows for 3-4 weeks after birth. These results suggested that the immunization of cows with the maternal vaccine enhanced the passive immunity levels in calves against BRV, BCV and K99 E. coli. -KEY WORDS: bovine coronavirus, bovine rotavirus, K99 Escherichia coli.
the first vaccination, the second booster injection was given in the same manner. The remaining 48 cows served as unvaccinated controls. The calves from the vaccinated and control cows were observed for clinical signs once daily. Serum samples were collected from the vaccinated cows at vaccination, at calving and post-calving days 2, 7 and 28, and from the control cows at times corresponding to sampling in the vaccinated cows. Colostrum and milk samples were collected from all the cows on the day of calving and post-calving days 2, 7 and 28. Serum and feces were taken from all the calves on days 2, 7, 21 and 28 after birth. Feces were also obtained when these calves developed diarrhea.
The fecal suspensions were examined for enteric viruses by electron microscopy [2] , and group A BRV was also detected by a latex agglutination test (Rotalex; Orion Diagnosis, Espoo, Finland). Virus-neutralizing antibody titers to NCDV (G6) and KK3 (G10) strains of group A BRV in serum and milk samples were determined by a fluorescence focus neutralizing (FFN) test with MA104 cells as described previously [9] . The virus-neutralizing antibody titers to the Mebus strain of BCV and the BF-15 strain of BPV were determined by CPE inhibition tests with HRT-18 cells and BT cells, respectively [15, 19] . E. coli K99 antibody titers were determined by a passive hemagglutination test [8] . Statistical analysis of the data was performed using the Student's t-test and the χ 2 test.
Abortions and other adverse reactions were not observed in the 48 vaccinated pregnant cows. At the first vaccination, there were no differences in serum antibody titers to BRV, BCV, BPV and E. coli K99 between the vaccinated and control cows. At the second vaccination, serum antibody titers to both G serotypes of BRV, BCV and E. coli K99 in the vaccinated cows increased and were higher than those of controls (P<0.05) ( Table 1 ). Colostrum antibody titers to both serotypes of BRV and E. coli K99 in the vaccinated cows were higher than those of control cows (P<0.05). For 3-4 weeks after birth, the calves from the vaccinated cows Acute diarrhea is a common disease in newborn calves. Group A bovine rotavirus (BRV), bovine coronavirus (BCV), and enterotoxigenic Escherichia coli (E.coli) are major pathogens which cause newborn calf diarrhea [3, 6] . During the first few weeks of life, calves acquire maternal antibodies from colostrum and milk, which can exert a local protective effect against enteropathogens in the gut as passive immunity. Previous studies demonstrated that continuous feeding of colostrum from immunized cows prevented severe diarrhea and death in calves [1, 10, 12, 14, 18] . In North America and Europe, various maternal vaccines against calf diarrhea to enhance antibody titers in the colostrum and milk of cows have been developed [7, 11, 14, 17, 20] . By contrast, there are few reports on maternal vaccination to protect against calf diarrhea in Japan. In the present study, we conducted a field trial of a maternal combination vaccine which was available in Europe and examined the enhancement of passive immunity with this vaccine.
The study was conducted with 96 beef cows (Angus, Hereford and Japanese Black) aged 2-11 years and their 97 calves at the Shintoku Animal Husbandry Experiment Station in 1994. The calves were reared on their mothers. A commercial combination vaccine (Lactovac; Hoechst, Germany) was used [20] , which contained inactivated group A BRV V1005/78 [G serotype 10 (G10), P genotype 5 (P5)] and Holland [G serotype 6 (G6), P genotype 1 (P1)] strains at both titers 10 7.5 TCID 50 /5 ml, BCV 800 strain at titer 10 7.5 TCID 50 /5 ml, bovine parvovirus (BPV) Haden strain at titer 10 7.7 TCID 50 /5 ml and E. coli-K99 pilus antigen at titer 512 HU/5 ml. The 48 pregnant cows were inoculated subcutaneously in the side of the neck with 5 ml of the vaccine at 6 to 11 weeks before calving. Four weeks after had higher serum antibody titers to both G serotypes of BRV, BCV and E.coli K99 compared with the calves from the controls (P<0.05) ( Table 2 ). This indicates that these serum antibodies in the calves were derived from maternal antibodies in the colostrum. There was no death of calves due to diarrhea; however, the morbidity of diarrhea in the calves from the vaccinated and the control cows was 56.9% and 50.0%, respectively (Table 3) . No difference was seen in either the mean age of onset or duration of diarrhea between the calves from the vaccinated and control cows. Bovine rotavirus was detected from 4 of 51 calves (7.8%) at 14-36 days old from the vaccinated cows, and from 8 of 46 calves (17.4%) at 2-38 days-old from the control cows. No BCV, BPV nor E.coli K99 was detected in any fecal samples.
The results of this field trial suggested that this commercial vaccine had the immunogenicity against G6 and G10 of BRV, BCV and K99 E. coli and enhanced passive immunity levels in calves, because of the high colostrum or serum antibody titers to these pathogens in the vaccinated cows. These colostrum antibody titers may be protective against BRV and K99 E. coli associated with calf diarrhea, as previous studies have described the protective antibody titers against experimental BRV and K99 E. coli challenge [1, 7, 8, 10, 14, 18] . However, it was unclear that this vaccine was effective in the prevention of outbreaks of calf diarrhea in the field. The reason might be due to low morbidity for calf diarrhea associated with the pathogens which were used in the vaccine in the experimental period. Although serum antibody titers to G6 of BRV in the calves from vaccinated cows were high and prolonged over 3 weeks after birth, BRV-associated diarrhea was observed in some calves. The causes might be the following. Colostrum and milk antibodies are more important than serum antibodies, because of their painting effect in the gut for protection from infection [5, [12] [13] [14] 21] . In this trial, milk antibody titers to BRV decreased immediately after 2 days of calving, and those were below the levels to be protective against natural BRV infections when that milk was fed to naturally suckled calves. Also, the G serotype and P genotype of the BRVs shedding from the calves in this trial were G10 and P11 (data not shown), and this P genotype was different from the vaccine strains (P1 and P5). Other studies showed the most prevalent combination was G6P5 and P11 genotype strains which were detected more than P1 in Japan [4, 16] . Therefore, the P11 of the BRV strain should be also available for the vaccine against BRV infection. * Geometric mean titers of vaccinated cows were significantly higher than those of control cows (P<0.05). 
